Disruption of the aflatoxin biosynthesis cluster gene aflY (hypA) gave Aspergillus parasiticus transformants that accumulated versicolorin A. This gene is predicted to encode the Baeyer-Villiger oxidase necessary for formation of the xanthone ring of the aflatoxin precursor demethylsterigmatocystin.
Some Aspergillus species produce the polyketide bisfuran metabolites versicolorin A (VA) and sterigmatocystin (ST) and the toxic and carcinogenic aflatoxins (AF) (1, 13, 15, 22) . Oxidative rearrangement of VA to ST is expected to require the activity of several enzymes (2, 7, 9) encoded by genes in a biosynthetic cluster (26) . A cytochrome P450 monooxygenase and a short-chain NADPH-reductase were previously shown to catalyze steps in the conversion process (12, 13, 25) . We now report that the aflatoxin biosynthesis cluster gene aflY encodes an enzyme that is predicted to catalyze the Baeyer-Villiger oxidation of a dienone intermediate formed by epoxidation of the anthraquinone ring of VA.
To determine the function of aflY, a disruption vector, pAFLY, was constructed so that a 916-bp (nucleotides 68173 to 69108) portion of the coding sequence (nucleotides 67990 to 69582) in aflY (GenBank accession number AY371490) was replaced with a 7.0-kb niaD selection cassette (Fig. 1A) . The primer sets used for vector construction in pUC18 were as follows: PCR-1, 5Ј-AATGGTACCCAGATGAGAGAACAA TCAAC (67267, KpnI) and 5Ј-GAGTCTAGACACACATGA CCATGGATTCG (68173, XbaI); PCR-2, 5Ј-AATTCTAGAC CTGGAAGAAGCGCACGTAG (69108, XbaI) and 5Ј-GAGG CGCATGCTATCAACTCACGGCTTGGTATCCCA (70597, SphI). Restriction enzyme sites (underlined) and positions in aflY are in parentheses. The niaD insert used for selection of transformants was obtained by XbaI digestion of pSL82 (3) . Vector construction, fungal transformation, and analysis of transformants of A. parasiticus BN009E niaD were done as previously described (6) .
About 10% of the A. parasiticus transformants failed to produce AFB 1 and AFG 1 but accumulated a product that comigrated with VA on thin-layer chromatography (Fig. 1B) and had the same mass spectrum (m/z ϭ 338, 310, 309, and 281) (4) . A smaller amount of a second product accumulated that was determined to be 6-deoxyVA based on its comigration with authentic material (R f ϭ 0.93) and its mass spectrum with ion peaks at m/z ϭ 322, 294, 293, and 265. This material was not found in the wild type or in cultures of VAD102, a ver-1 knockout mutant (20) .
Southern hybridization results showed that the niaD cassette was inserted into aflY in the putative knockout transformants (Fig. 1C) . The expected 2.1-kb XhoI fragment was detected in the wild-type A. parasiticus BN009E DNA, whereas a 9.5-kb fragment was detected in transformant H2. Reverse transcription (RT)-PCR of total RNA from aflY failed to detect a transcript from H2 ( Fig. 1D ). Transcripts were detected for the neighboring gene aflX (ordB), indicating that only aflY was disrupted in H2.
When cultures of the aflY disruptant H2 were incubated with ST or O-methyl ST, AF was produced (Table 1) . AF was not produced when either averantin, averufin (earlier precursor metabolites), or VA was fed to the cultures. Cocultivation of H2 with the ver-1 disruptant VAD102 (16) restored AF production ( Table 1 ), indicating that it can compensate for the defect in the aflY knockout culture. However, incubation with a mycelial extract of VAD102 failed to restore AF production, suggesting that either the necessary precursor metabolite was not formed in sufficient amounts, was not sufficiently stable to survive the extraction conditions, or was not taken up by the mycelia during incubation.
Henry and Townsend proposed that reaction steps in the conversion of VA to dimethyl ST are most consistent with the following order: oxidation-reduction-oxidation (9) . Such a reaction sequence is consistent with the three types of enzymes now proven to be involved in the VA-to-ST conversion process. An explanation of why mutation of any one of these genes gives a fungal isolate that mainly accumulates VA is as follows. The first step in the conversion process is predicted to be cytochrome P450 monooxygenase (StcS/VerA)-catalyzed epoxidation of the B ring of VA to give structure I (Fig. 2) . This intermediate is predicted to rearrange to the dienone intermediate (structure II). Therefore, stcS/verA mutation would be expected to lead to accumulation of VA. Ver-1 is similar to T 4 HN reductase, which catalyzes deoxygenation of tetrahydronaphthalene in melanin biosynthesis (23) . Assuming that Ver-1-catalyzed deoxygenation is the second step in the conversion process, the dienone in Ver-1-defective mutants could revert to VA by acid-catalyzed dehydration. In aflY mutants, where Ver-1 is functional, the products formed by Ver-1-catalyzed reduction of the dienone (III, R ϭ OH and R ϭ H) could revert to VA and 6-deoxyVA, respectively, by dehydration. This hypothesis is consistent with the isolation of 6-de-oxyVA in extracts of the aflY, but not the ver-1, knockout cultures.
A BLASTP search of the GenBank database with the predicted 495-amino-acid AflY protein (AAS66025) identified 10 putative homologs, all from fungi (accession numbers: EAA61597. 1 480 (invariant amino acids are in boldface; x ϭ any amino acid). StcR, the ST biosynthetic homolog and closest match to AflY, is 47% identical. The closely spaced His residues and other well-conserved His residues in StcR and AflY share a resemblance to His-containing sites in metallooxygenases that are necessary for catalysis of non-cytochrome P450 oxygen insertion into aromatic rings. Enzymes such as laccases (8, 11, 17, 19) , polyphenol oxidases (24) , and quercetin 2,3-dioxygenase (21) have related motifs. The short Trp-rich region near the C-terminal end may be a hydrophobic pocket that could facilitate the tethering of the bis-furan portion of the VA substrate (10, 14) . The conserved Asp 401,402 , Lys 407 , and Arg 410 residues could help to tether a hydroxyl or keto residue during the proposed B-ring rearrangement. The first third of the protein also contains three well-conserved Tyr residues (Tyr 96,133,156 ) that could be required for NAD binding (5) or serve as proton donors in the rearrangement of a possible lactone intermediate (18) . Therefore, this novel protein contains catalytic regions consistent with its functioning as the Baeyer-Villiger oxidase in the conversion of VA to ST.
